The potential for monolithic integration and the mature processing technology of Si have attracted considerable interest in Si-based optoelectronic devices. Photodetectors operating in the 1.3-1.5 pm range have been fabricated using SiGe/Si multiple quantum wells t1]. The recent development on light emission from porousSi [2] and SiGe layers have also shed a new light on the optoelectronic application of Si-based structures. In this paper, infrared transitions between subbands of SiGe/Si and d-doped quantum wells will be reviewed and then the potential application of these transitions in infrared detection will be discussed.. fntersubband, transition in SiGe/Si system was f.rst observed between heavy hole subbands using p-type multiple quantum wells [3]. Re- [8] . The absorption spectra of the samples were taken at room temperature using a Fourier transform infrared (FTIR) spectrometer. The nature of the transitions were studied using the polarization dependence of the absorption. Figure 1 shows the measured absorption spectra of the Sis.aGes.6/Si quantum well sample at two different polarization angles using a waveguide structure as shown in the inset. At the 0o polarization angle (electric field having a component in the growth direction as depicted in the inset), an absorption peak occurs at b.B p,m. At the 90o angle (beam polarized parallel to the plane), this peak vanishes, but another peak appears at a shorter wavelength, 2.3 p,m. The peak at the 0o polarization is dub to intersubband transition between two heavy hole states [9]. This is confirmed by the polarization dependence of the peak [9]. The peak at 2.J prru shows a 
cently, in addition to intersubband transition, transitions between different hole bands (for example, between the light and heavy hole subbsnds) were also observed [A] . The origin of this intervalence band transition can be traced to the coupling of the conduction band with that of the valence band [a] . One of the key advantages oI the intervalence band transition is the possibility of normal incidence detection which is forbidden in the case ol the intersubband transition [5] . More recently, intersubband transitions in the conduction band have also been observed [6] including normal incidence absorption due to the of-diagonal effective masses for structures grown on specific orientations [7] . In the following, we discuss the experimental results on different subband transitions in the va.lence band and their application in the infrared photodetectors.
Samples were grown in a molecular beam epitaxy (Si-MBE) system on high resistivity (100 O-cm) (100)-Si s-r-9-1 wafers. For [8] . The absorption spectra of the samples were taken at room temperature using a Fourier transform infrared (FTIR) spectrometer. The nature of the transitions were studied using the polarization dependence of the absorption. For the photoresponse measurement, mesa diodes of 200 p,m in diameter were fabricated. The spectral dependence of the photocurrent was measured using a Glowbar source and a grating monochromator with a lock-in detection. Infrared light was illuminated on the mesa at either an angle or from the backside of the wafer depending on the transition process to be probed. It is clear that for the 0o polarization case, the photocurrent is due to intersubband transition between two heavy hole subbands [3] and also partially due to internal photoemission of holes excited via free carrier absorption. For the 90o polarization case' intersubband transition is forbidden but free carrier absorption is stronger than that of the 0o polarization case because entire photon electric field lies in the xy-plane. The photocurrent in this case is believed to be due to internal photoemission of free carriers, since the mixing of the hole bands due to the s-like conduction band or/and nonparabolicity is too small to have significant absorption. The shift of the peak at 90o to a shorter wavelength may be due to the sharing of phonon energy with momentum conserving processes such as phonon or impurity scattering.
These provide the normal incidence detection since the free carrier absorption does not dependent on the photon polarization.
The photoresponse of the structures which showed intervalence band transition have been measured using mesa diodes similar to above except that the infrared light is illuminated from the backside of the substrate as schematically shown in the inset of Fig. 3 
